TITLE OF THE INVENTION 



HIGH DENSITY MAGNETIC RECORDING MEDIUM USING FePtC THIN FILM 
AND MANUFACTURING METHOD THEREOF 

5 

BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention pertains, in general, to a magnetic 
10 recording medium and, more . particularly, to a magnetic 
recording medium for recording information thereon, in which 
carbon is added to a FePt thin film used as an information 
storing unit to improve an information storing density, and a 
method of manufacturing the same. 

15 

2 . Description of the Related Art 

Generally, a material used in a magnetic recording medium 
for recording information thereon must have coercivity of two 
to five kOe and a small grain size in the consideration of 

20 magnetic recording stability and a capacity of a recording 
head. However, the smaller the grain size is, the poorer heat 
stability of the magnetic recording medium is. Thus, the 
magnetic recording medium must have high magnetic anisotropy so 
as to prevent its heat stability from being poor. In this 

25 regard, currently, a FePt thin film with an ordered structure 
is monitored with keen interest as a material of the magnetic 
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recording medium for recording information thereon. The FePt 
thin film manufactured at room temperature has a disordered 
face centered cubic (fee) structure, but the FePt thin film 
heat-treated at a relatively high temperature has an ordered 
5 face centered tetragonal (fct) structure with the high 
crystalline magnetic anisotropy. 

However, the FePt thin film heat-treated at a relatively 
high temperature is disadvantageous in that it has a large 
grain size and an arrangement of grains is irregular even 

10 though it has an ordered structure. Accordingly, various 
studies have been made of desirably heat-treating the FePt thin 
film or adding additional materials to the FePt thin film to 
secure physical properties suitable to the material of the 
magnetic recording medium. 

15 For example, US Pat. No. 5,989,728 (November 23, 1999, 

Coffey et al . ) briefly mentions that the addition of specific 
substances such as carbon to the FePt thin film might induce a 
fine structure of a FePt thin film, thereby reducing a noise of 
a magnetic recording medium including the FePt thin film. 

20 However, in this patent, no detailed results have been reported 
on the grain size change. 

Additionally, J. A. Christodoulides discloses a multi- 
layer thin film including FePt and carbon, and its structural 
and magnetic properties (J". A. Christodoulides, J". Appl . Phys. 

25 87, 6938(2000)), According to this document, the change of 
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coercivity and fine structure of the multi-layer thin film is 
observed when a carbon content in the multi- layer thin film is 
varied. However, this technology is disadvantageous in that 
the multi-layer thin film is heat-treated at a relatively high 
5 temperature of 700 °C after a deposition process, and the high 
temperature causes various problems in a process of producing 
the multi-layer thin film. Another disadvantage is that a 
noise of a magnetic recording medium including the multi- layer 
thin film is increased because the multi-layer thin film has a 
10 nonuniform FePt grain size distribution. And also, the noise 
of the magnetic recording medium is increased because 
squareness ratio is decreased less than 1. 

SUMMARY OF THE INVENTION 

15 

Accordingly, the present invention has been made keeping 
in mind the above problems occurring in the prior art, and an 
aspect of the present invention is to provide a magnetic 
recording medium for recording information thereon, which 

20 includes a FePt thin film heat-treated so that the magnetic 
recording medium has coercivity of two to five kOe and 
squareness ratio of 1, and which has small and uniform FePt 
grains, and a method of manufacturing the magnetic recording 
medium in accordance with a simultaneous deposition process. 

25 Additional aspects and/or advantages of the invention will 
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be set forth in part in the description which follows and, in 
part, will be obvious from the description, or may be learned 
by practice of the invention. 

The above and/or other aspects are achieved by providing a 
5 high density magnetic recording medium using a FePtC thin film, 
which includes an information recording unit and an information 
storing unit to magnetically record information using the 
information recording unit, wherein the information storing 
unit includes a FePtC thin film manufactured by simultaneously 

10 depositing iron (Fe) , platinum (Pt) , and carbon (C) on a 
magnesium oxide (MgO) substrate at 400 °C. 

Further, a method of manufacturing the magnetic recording 
medium according to the present invention includes depositing a 
FePtC thin film on a substrate at 400 °C using a dc magnetron 

15 sputtering device through a simultaneous deposition process 
while compositions of Fe and Pt contained in the FePtC thin 
film are controlled in an atomic ratio of 1:1. In this regard, 
an optimum carbon content in the FePtC thin film is determined 
while changing a carbon content in the FePtC thin film from 0 

20 to 85%. The magnetic recording medium including the optimum 
content of carbon has coercivity and smaller grain size 
suitable to a high density magnetic recording medium, thereby 
an information storage density of the magnetic recording medium 
as an information storage medium is increased and a noise of 

25 the magnetic recording medium is reduced. 
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When the FePtC thin film is deposited on the substrate 
using the dc magnetron sputtering device, an initial vacuum 
pressure before the deposition of the FePtC thin film on the 
substrate is 1 X 10" 6 Torr or lower, and gas which is 99.9999% 
5 Ar is used in a sputtering process. 

Additionally, a rod-shaped target including iron (Fe) and 
carbon (C) having a diameter of 2 inches, and a platinum (Pt) 
chip having a size of 5 mm X 5 mm are used to manufacture the 
magnetic recording medium. The FePtC thin film is formed by 

10 simultaneously depositing Fe, Pt, and C on a magnesium oxide 
(MgO) substrate, and the deposition time of Fe, Pt, and C on 
the magnesium oxide substrate is preferably one hour. 

Moreover, a heater is positioned behind the substrate 
during the deposition of the FePtC thin film on the substrate, 

15 thereby a temperature of the substrate is constantly maintained 
for one hour. In this regard, the MgO substrate is useful in a 
heat treating process because it has excellent heat stability. 
The heater is attached to a backside of the substrate so as to 
effectively transfer high temperature heat to the substrate. 

20 If the heater does not come into contact with the substrate, 
heat is not effectively transferred from the heater to the 
substrate. Additionally, ceramic blocks are installed on the 
heater so as to prevent the heater from swinging. The heater 
has a resistance of l£2 , and can emit heat at 700 °C or higher. 

25 According to the present invention, a crystalline 
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structure and orientation of the FePtC thin film is analyzed 
using an X-ray dif f ractometer (XRD) , and a size of each grain 
constituting the FePtC thin film and a fine surface structure 
of the FePtC thin film are observed using a scanning electron 
5 microscope (SEM) and a transmission electron microscope (TEM) . 
Furthermore, magnetic properties of the thin film are evaluated 
using a vibrating sample magnetometer (VSM) at room 
temperature. Additionally, a composition of the thin film is 
analyzed using an energy dispersive X-ray spectroscopy (EDAX) , 
10 and a thickness of the thin film is measured according to a oc- 
step method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 This and other aspects and advantages of the invention 

will become apparent and more readily appreciated from the 
following description of the preferred embodiments, taken in 
conjunction with the accompanying drawings of which: 

FIG. 1 is a graph showing the XRD intensity change 

20 according to an amount of carbon in a FePtC thin film when 
carbon is added to a FePt thin film at 400°C; 

FIGS. 2A to 2C are TEM pictures showing the microstructure 
of the FePtC thin film changed according to an amount of carbon 
in the FePtC thin film when carbon is added to the FePt thin 

25 film at 400°C; 
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FIGS. 3A to 3F illustrate graphs showing the M-H loop 
change according to an amount of carbon in the FePtC thin film 
when carbon is added to the FePt thin film at 400°C; 

FIG. 4 is a graph showing coercivity of the FePtC thin 
5 film as a function of an amount of carbon in the FePtC thin 
film when carbon is added to the FePt thin film at 400 °C ; 

FIGS . 5A to 5D are SEM pictures showing the surface of the 
FePtC thin film changed according to an amount of carbon in the 
FePtC thin film when carbon is added to the FePt thin film at 
10 400°C; and 

FIGS. 6A and 6B are pictures showing a magnetization 
reverse of the FePtC thin film changed according to an amount 
of carbon in the FePtC thin film when carbon is added to the 
FePt thin film at 400°C . 

15 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the present 
preferred embodiments of the present invention, examples of 
20 which are illustrated in the accompanying drawings, wherein 
like reference numerals refer to like elements throughout. 

With reference to FIG. 1, there is schematically 
illustrated a graph showing the XRD intensity change according 
to an amount of carbon in a FePtC thin film when carbon is 
25 added to a FePt thin film at 400°C. From FIG. 1, it can be seen 
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that an ordering peak size of FePt is reduced according to an 
increase of a carbon content in the FePtC thin film. The 
carbon in the FePtC thin film functions to break an fct 
structure of the FePt thin film, and a peak of the fct 
5 structure of the FePt thin film disappears when the FePtC thin 
film contains 50 volume % carbon. 

Referring to FIGS. 2A to 2C, there are illustrated TEM 
pictures showing the microstructure of the FePtC thin film 
changed according to an amount of carbon in the FePtC thin film 

10 when carbon is added to the FePt thin film at 400°C. When the 
FePtC thin film contains no carbon, a size of each FePt grain 
is 10 to 20 nm and the sizes of FePt grains are nonuniform. 
When the thin film contains 2 5 volume% carbon, the size of the 
FePt grain is 5.2 nm, and a standard deviation of the size of 

15 the FePt grain is 1.7 nm. The size of the FePt grain is 
reduced with the carbon content in the thin film being 
increased. Furthermore, when the thin film contains 50 
volume % carbon, the size of the FePt grain is 4 nm. At this 
time, many FePt grains are incompletely formed because a 

2 0 combination of a Fe grain and a Pt grain is obstructed when the 
thin film contains 50 volume % or more carbon. 

Turning to FIGS. 3A to 3F, there are illustrated graphs 
showing the M-H loop change according to an amount of carbon in 
the FePtC thin film when carbon is added to the FePt thin film 

25 at 400°C, in which a shape of the M-H loop is horizontally 



broadened with the carbon content in the thin film being 
increased. In other words, when the carbon content in the thin 
film is increased, a saturated magnetization of the thin film 
is decreased and coercivity of the thin film is increased. 
5 However, when the thin film contains 33 volume% or more carbon, 
the coercivity of the thin film is decreased and the saturated 
magnetization rapidly decreases, thus the shape of the M-H loop 
is no longer horizontally broadened. 

FIG. 4 is a graph showing coercivity of the FePtC thin 

10 film as a function of an amount of carbon in the FePtC thin 
film when carbon is added to the FePt thin film at 400 °C. From 
FIG. 4, it can be seen that the coercivity of FePtC thin film 
is increased due to the reduction of the saturated 
magnetization when the carbon content in the FePtC thin film is 

15 increased. When the FePtC thin film contains 25 volume% or 
more carbon, the coercivity of the FePtC thin film is reduced 
because the coercivity depends on more the reduction of 
magnetic anisotropy due to carbon in the FePtC thin film than 
the saturated magnetization. The coercivity suitable to a 

2 0 magnetic recording is two to five kOe, and the FePtC thin film 
containing 25 volume% carbon has coercivity of two to five kOe. 
Further, the squareness ratio greatly affecting a noise of a 
magnetic recording medium is almost one in the case of the 
FePtC thin film containing 25 volume% carbon, thus the FePtC 

25 thin film containing 2 5 volume% carbon is useful to reduce the 
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noise of the magnetic recording medium. 

Referring to FIGS. 5A to 5D, there are illustrated SEM 
pictures showing the surface of the FePtC thin film changed 
according to an amount of carbon in the FePtC thin film when 
5 carbon is added to the FePt thin film at 400 °C. In case that 
the FePtC thin film contains 25 volume% or less carbon, a 
surface of the FePtC thin film has a discontinuous channel 
structure . 

FIGS. 6A and 6B are pictures showing a magnetization 

10 reverse of the FePtC thin film changed according to an amount 
of carbon in the FePtC thin film when carbon is added to the 
FePt thin film at 400°C. In FIGS. 6A and 6B, the colors display 
the magnetization reverse of the FePtC thin film changed as 
time is passing by (0-15second) . In FIG. 6A, there is 

15 illustrated the magnetization reverse in the case of the FePtC 
thin film containing no carbon. At this time, the FePtC thin 
film has a similar shape to the channel structure. That is, a 
strong exchange interaction occurs between channels. FIG. 6B 
illustrates the magnetization reverse in the case of the FePtC 

20 thin film containing 25 volume% carbon, in which a 
discontinuous nucleus structure is shown. The reason for this 
is that the channel formation is weakened by adding carbon to 
the FePt thin film, thus the exchange interaction between the 
channels is reduced as shown in FIGS. 5A to 5D. 

25 Accordingly, it can be seen that the FePtC thin film 
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containing 25 volume! carbon has microscopic magnetic and 
structural properties suitable to a high density magnetic 
recording medium. 

As apparent from the above description, a size of a FePt 
5 grain is reduced from five nm to four nm when a carbon content 
in a FePt thin film increases from 25 volume% to 50 volume!, 
and a FePtC thin film of the present invention has a uniform 
grain size distribution, thus a recording density of a magnetic 
recording medium is increased and a noise of the magnetic 

10 recording medium is reduced. 

Additionally, the FePtC thin film containing 25 volume! 
carbon has coercivity of 4.4 kOe. This value of coercivity is 
suitable to the thin film used in the magnetic recording medium 
in consideration of a size of a magnetic field applied to a 

15 recording head used in a magnetic record and stability of a 
recording medium. 

Further, the carbon contained in the FePtC thin film 
functions to change a structure of the FePtC thin film, and the 
FePtC thin film has a channel structure in the case of the 

20 FePtC thin film containing 25 volume! or less carbon. The 
channel structure causes a strong exchange interaction to 
increase the coercivity of the FePtC thin film. 

Furthermore, according to the present invention, a 
deposition and a heat treating process are simultaneously 

25 conducted unlike a conventional multi- layer thin film 
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containing FePt and carbon, thereby a temperature at which an 
ordered structure is formed is lowered. Therefore, the FePtC 
thin film containing carbon according to the present invention 
is manufactured at 400 °C lower than the case of the conventional 
5 multi-layer thin film, and has excellent physical properties. 

Accordingly, the present invention is advantageous in 
comparison with a conventional FePt thin film in that when the 
FePtC thin film containing 25 volume! carbon is deposited on a 
substrate at 400 °C in accordance with a simultaneous deposition 

10 process, the coercivity of the FePtC thin film is 4.4 kOe, a 
grain size of the FePtC thin film is 5 nm, and its grain size 
distribution is uniform, thus the FePtC thin film suitable to 
the magnetic record is secured. Other advantages are that the 
FePtC thin film is manufactured at a lower temperature than the 

15 case of the conventional multi- layer thin film containing FePt 
and carbon and the grain size distribution of the FePtC thin 
film is uniform, thereby a storage density of an information 
storing substance is increased, a noise of a magnetic recording 
medium is reduced, and a manufacturing temperature of the FePtC 

20 thin film is lowered. 

The present invention has been described in an 
illustrative manner, and it is to be understood that the 
terminology used is intended to be in the nature of 
description rather than of limitation. Many modifications and 

2 5 variations of the present invention are possible in light of 
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the above teachings. Therefore, it is to be understood that 
within the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described. 
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